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(g) Method for pulling semiconductor single crystal. 

(57) In the production of a semiconductor single 
crystal from a molten mass of the material for 
the semiconductor crystal held in a container by 
the magnetic field-applied method, the other- 
wise inevitable occurrence of growth stations 
in the produced single crystal can be precluded 
by fixing the rotational speed of the container at 
a level in the range of from 0.2 to 5 rpm and the 
intensity of the magnetic field applied to the 
molten mass at a level in the range of from 2,000 
to 5,000gausses. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

This invention relates to a method for pulling a 
semiconductor single crystal while abating the occurr- 
ence of growth striations in the produced single crys- 
tal. 

DESCRIPTION OF THE PRIOR ART 

It has been heretofore well known that in the 
growth of a semiconductor single crystal by the Czoc- 
hralski Method (CZ method), since the semiconductor 
crystal already grown is partially remelted or the semi- 
conductor crystal in process of growth is compelled to 
incorporate irregularly therein the oxygen liberated by 
melting from the crucible because of the thermal con- 
vection, vibration, etc. of the molten mass of the ma- 
terial for the semiconductor crystal, the produced 
semiconductor single crystal sustains a crystal defect 
or growth striations. 

For enabling the crystal to be pulled while abating 
such uncalled-for motions as thermal convection and 
vibration in the molten mass, therefore, the magnetic 
field-applied Czochralski method (MCZ method) has 
been proposed. An experiment demonstrating this 
method to be effective in curbing the occurrence of 
growth striations in the produced crystal has been 
reported (K. Hoshi, T. Suzuki, Y. Okubo, and N. 
Isawa: Extended Abstracts of Electrochem., 1980, p. 
811). 

In the pull of a single crystal by the MCZ method 
mentioned above, there is an established practice of 
adopting a procedure which comprises continuing the 
pull of the single crystal while keeping the crucible in 
rotation so as to make up for possible deviation of the 
center of heat generated by heating means disposed 
around the crucible thereby ensuring the production 
of a single crystal possessing a perfectly circular 
cross section. The rotation of the crucible gives rise 
to an undulation of temperature and consequently 
induces the occurrence of growth striations due to the 
rotation of the crucible in the single crystal grown by 
the pull. Such conventional MCZ method, therefore, is 
.not a perfect solution for prevention of the occurrence 
of growth striations. 

As means for growing a crystal possessing a per- 
fectly circular cross section and containing no growth 
striation by correcting; the possible deviation of the 
center of heat while rotating the crucible, Japanese 
Patent Publication No. Sho 61-21,196 discloses a 
method which comprises heating a molten mass or 
solution of the material for crystal kept in a container 
with a heating member (divided heater) disposed 
along the periphery of the container as divided in a 
vertical direction of the container and adapted to be 
independently regulated to uniformize the tempera- 



ture distribution of the molten mass or solution in the 
horizontal direction and pulling a single crystal from 
the molten mass or solution under application of a 
magetic field. 

5 When the divided heater designed as described 

above are used for the purpose of uniformizing the 
temperature distribution in the horizontal direction, 
however, the control of this divided heater is still ext- 
remely difficult and the balance of heat in the horizon- 

w tal direction is not attained and the crystal attains only 
abnormal growth and fails to acquire a perfectly circu- 
lar cross section. Further, owing to the inevitable 

undulation of temperature resulting from poor control 

of heating, the use of the divided heater induces anew 
15 the occurrence of growth strtiations. 

SUMMARY OF THE INVENTION 

This invention aims to solve the problem men- 
20 tioned above and has as an object thereof the provi- 
sion of a method for pulling a semiconductor single 
crystal and producing a semiconductor single crystal 
of perfectly circular cross section in a state having the 
occurrence of growth striations abated to the fullest 
25 possible extent 

To be specific this invention is directed to a mag- 
netic field-applied method for pulling a semiconductor 
crystal from the molten mass of a material for the 
semiconductor crystal kept in a container, which 
30 method is characterized by keeping the rotational 
speed of the container in the range of from 0.2 to 5 rpm 
and the intensity of the magnetic field applied to the 
molten mass in the range of from 2,000 to 5,000 gaus- 
ses. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

This and other objects and features of the present 
invention will become apparent from the follwoing 
40 description of preferred embodiments thereof taken in 
conjunction with the accompanying drawings, in 
which: 

Fig. 1 is a partial cross section schematically Illus- 
trating the construction of an apparatus to be used in 
46 executing the method of this invention. 

Fig. 2 is an explanatory diagram drawn by sketch- 
ing the result of observation under an optical micro- 
scope of a growth striation in a crystal obtained in 
Example 1. 

so Fig. 3 is an explanatory diagram drawn by sketch- 

ing the result of observation under an optical micro- 
scope of a growth striation in a crystal obtained in 
Comparative Experiment 1 . 

Fig. 4 is an explanatory diagram drawn by sketch- 

55 ing the result of observation under an optical micro- 
scope of a growth striation in crystal obtained in 
Comparative Experiment 2. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, the container accom- 
modating the molten mass of the material for the semi- 
conductor crystal is rotated at a speed in the range of 5 
from 0.2 to 5 rpm. If the container is rotated at speed 
exceeding 5 rpm, the molten mass generates forced 
flow and vibration and the crystal already grown is 
partially remeUed and possibly compelled to sustain 
growth striations and crystal defects and the concen- 10 
tration of the oxygen dissolving out of the crucible and 
mingling into the molten mass owing to the friction be- 
tween the inner wall surface of crucible and the molten 

mass is heightened. Conversely, if the crucible is not 
rotated at all, the heat distribution in the molten mass 15 
shows poor symmetry and the crystal attains abnor- 
mal growth and the produced semiconductor single 
crystal fails to acquire a completely circular cross sec- 
tion. Thus, the rotational speed of the crucible is 
required to exceed 0.2 rpm at least 20 

Further in this invention, a magnetic field of an in- 
tensity in the range of from 2,000 to 5,000 gausses is 
applied to the molten mass. If this intensity of the mag- 
netic field is less than 2,000 gausses, it is no longer 
possible to heighten the effective viscosity of the moJ- 25 
ten mass or to abate the heat convection and the for- 
ced flow generated by the rotation of the crucible. 

When the magnetic field applied to the molten 
mass perpendicularly to the direction of flow of the 
heat convection, it is conspicuously effective in abat- 30 
ing the heat convection. In this sense, use of a hori- 
zontal magnetic field proves to be particularly 
desirable. 

Now, this invention will be described more par- 
ticularly below with reference to the accompanying 35 
drawings. Fig. 1 is a longitudinal cross section 
schematically illustrating a typical apparatus for pul- 
ling a single crystal of silicon In accordance with the 
method of this invention . 

In Fig. 1, 8 stands for crucible. The crucible 8 is 40 
disposed at the center of the interior of a hermetically 
sealed furnace 2, opened in the upper side, and for- 
med of quartz (SiOj). The crucible 8 accommodates 
therein silicon. Heating .means 9 is laid to encircle the 
crucible 8 and apply heat to the silicon in the crucible 45 
and transform it into a molten mass. Since the melting 
point of silicon is about 1 ,420 °C , the heating means 
9 requires to possess a heating electric power cap- 
able of heating silicon to at least the heating point 
mentioned above. 50 

A seed crystal 1 1 formed of a single crystal of sili- 
con is disposed in contact with the surface of a molten 
mass 10 of silicon. The seed crystal 11 is connected 
to a rotary shaft 13 through the medium of pulling 
chuck 12. The rotary shaft 13 has a worm gear 14 55 
fixed thereon and is rotated by pinion gear 1 6 connec- 
ted to a motor 1 5. The rotation gives rise to a diffusion 
layer in the the molten mass on the surface of the seed 



crystal in contact therewith. The rotary shaft 13 is sup- 
ported as engaged with a pulling device 18 through 
the medium of a bearing 1 7, for example. Anne thread 
is formed on the periphery of the pulling device 18. 
The fine thread is meshed with the worm screw 19 
which is rotated by a motor 20 and pinion gear 21. 
Owing to the constructiondescribed above, the seed 
crystal 1 1 is rotated by the motor 15 and. at the same 
time, pulled up or down in the axial direction of the rot- 
ary shaft in consequence of the motion of the pulling 
device 18 in the axialdirection (vertical direction) 
thereof by the motor 20. 

The crucible ft Is rotatably supported on the bot- 
tom surface of the hermetically sealed furnace 2 and 
is rotated by a motor 22 which is mounted on the bot- 
tom surface. 

Magnetic field-generating means 23 formed such 
as of an electromagnet capable of generating a direct 
current magnetic field is disposed to encircle the her- 
metically sealed furnace 2. This magnetic field- 
generating means is so disposed asto form a 
horizontal magnetic field perpendicular to the direc- 
tion of the axis of rotation of the seed crystal 11. 

The oxygen of the crucible 8 dissolves out of the 
crucible and mingles into the molten mass 10 kept 
inside the crucible & Part of the oxygen in the molten 
mass vaporizes in the form of SIO from the surface of 
the molten mass 10 into the interior of the hermetically 
sealed furnace 12. 

The hermetically sealed furnace 2 is so adapted 
as to permit supply of argon gas to the Interior thereof. 
The argon gas from an argon gas source 3 is supplied 
via a supply inlet 6 into the interior of the hermetically 
sealed furnace 2 by a pump 4 which is driven by a 
motor 5. Inside the furnace 2, the argon gas is accom- 
panied by the SIO gas filling the hermetically sealed 
furnace 2 and is discharged through an outlet 7. 

Preparatorily to the pull of a-single crystal rod 1 
of silicon, the argon gas is passed through the interior 
of the hermetically sealed furnace 2 and, at the same 
time, the horizontal magnetic field is formed around 
the crucible 8. Simultaneously, the silicon inside the 
crucible 8 is heated by the heating means 9 and con- 
sequently transformed into the molten mass 10 of a 
proper temperature. Then, the crucible 8 is set rotat- 
ing at a prescribed speed in the range of from 0.2 to 
5 rpm. Subsequently, the seed crystal 1 1 is rotated in 
the direction opposite that of the rotation of the cruc- 
ible and, at the same time, moved at low speed In the 
pulling direction. In consequence of the operation 
described above, the formation of the single crystal 
rod 1 of silicon is effected. Though the pulling speed 
of the seed crystal 11 is not specifically defined in nu- 
merical value, a slow pulling speed of not more than 
about 7.5 cm/hour, for example, is adopted. 

In the magnetic field-applied method, the occurr- 
ence of forced flow and vibration in the molten mass 
is abated and the partial remelting of the already 
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grown crystal is prevented by setting the rotational 
speed of the container accommodating the material 
for the semiconductor crystal at such a low level as in 
the range of from 0.2 to 5 rpm. The abatement of the 
forced flow and vibration mentioned above is accom- 
plished more effectively by the application to the the 
molten mass of the magnetic field of an intensity in the 
range of from 2,000 to 5,000 gausses. Thus, the 
occurrence of growth striations and crystal defects is 
curbed. 

Further, since the container is rotated at a speed 
in the range of from 0.2 to 5 rpm, the heat distribtion 
in the molten mass shows satisfactory symmetry and 
the crystal avoids abnormal growth and the produced 
semiconductor single crystal attains a perfectly circu- 
lar cross section. 

Since the occurrence of heat convection, forced 
flow, and vibration is abated by the application of an 
intense magnetic field of 2,000 to 5,000 gausses and, 
moreover, the container is rotated at such a low speed 
as falling In the range of from 0.2 to 5 rpm, the other- 
wise possible adulteration of the molten mass with the 
component element of the container dissolved by the 
friction between the molten mass and the inner wall 
surface of the container can be precluded. In case 
where the material for the semiconductor crystal is 
silicon and the container is a quartz crucible, for 
example, the concentration of the oxygen to be intro- 
duced into the single crystal of silicon can be dec- 
reased to a very low level. 

Now. the present invention will be described more 
specifically below with reference to working exam- 
ples. 

Example 1: 

A quartz crucible 450 mm in diameter was 
charged with 60 kg of silicon and operated to grow a 
p type (-20 n .cm) crystal 150 mm in diameter. The 
growth of a single crystal was carried out, with a mag- 
netic field applied in the horizontal direction at a fixed 
intensity of 3,000 gausses, the crystal rotated at a 
fixed speed of 20 rpm, and the quartz crucible rotated 
in direction opposite that of the crystal at four different 
speeds of 0.5, 1.0, 2.0, and 4.0 rpm. The produced 
semiconductor single crystal were evaluated with res- 
pect to growth striations by a procedure which com- 
prised longitudinally splitting a given crystal, etching 
the test piece consequently obtained in an 
aqueousHF solution containing dissolved NaNoa 
while keeping it exposed to a visible light, and there- 
after examining the etched surface of the test piece 
under an optical microscope to detect growth stria- 
tions. The result of an experiment involving a quartz 
crucible rotation speed of 0.5 rpm is ilustrated as an 
example in Fig. 2. 



Comparative Experiment 1 : 

A crystal was grown by following the procedure of 
Example 1, excepting the application of a magnetic 
5 field was omitted and the rotational speed of the cruc- 
ible was fixed at 0.5 rpm. The produced crystal was 
evaluated in the same manner as in Example 1. The 
result is shown Fig. 3. 

10 ComarauVe Experiment 2: 

A crystal was grown by following the procedure of 
Example 4 . excepting Hie intensity of the applied mag- 
netic field was fixed at 3,000 gausses and the 

15 rotational speed of the crucible was changed to 8 rpm. 
The produced crystal was evaluated in the same man- 
ner as in Example 1. The resutls is shown in Fig. 4. 

It is noted from Fig. 3 that the crystal grown in the 
absence of a magnetic field (Comparative Experiment 

20 1), after being etched, showed growth striations 
spaced regularly with an interval of about 50 um and 
growth striations spaced irregularly at a large interval 
(about 500 |im). The crystal produced in an exper- 
iment with the crucible rotated at 0.5 rpm and the mag- 

25 netic field appliedat an intensity of 3,000 gausses 
(Example 1) only showed growth striations spaced 
regularly at a small interval as illustrated in Fig. 2. The 
crystal produced in an experiment with the crucible 
rotated at 8 rpm and the magnetic field applied at an 

do intensity of 3,000 gausses (Comparative Experiment 
2), similarly to the crystal grown in the absence of a 
magnetic field, showed growth striations spaced 
irregularly at a targe interval and growth striations 
spaced regularly with a small interval as illustrated in 

35 Fig. 3. 

From the results described above, it is inferred 
that the flows such as heat convection cannot be cur- 
bed and the occurrence of growth striations cannot be 
precluded in the absence of a magnetic field even 

40 when the crucible is rotated at a low speed (Compara- 
tive Experiment 1). It is further noted that even when 
the intensity of the magnetic field to be applied is as 
high as 3,000 gausses, the flows generated by the 
rotation of the crucible cannot be abated if the 

45 rotational speed of the crucible is unduly large. In con- 
trast, it is noted that when the crucible is rotated at a 
low speed and the magnetic field is applied at a high 
intensity (Example 1), the forced current arising from 
such factors as heat convection, vibration, and rota- 

so tion of the crucible can be abated and the occurrence 
of growth striations caused by such factors can be 
precluded. 

From the description given above, it is clear that 
this invention permits a semiconductor single crystal 
55 of a perfectly circular cross section to be obtained in 
the state having the occurrence of growth striations 
curbed to the fullest possible extent Further, the adul- 
teration of the single crystal with the component ele- 

4 
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ments of the container occurs only sparingly. In case 
where the material of the semiconductor crystal is sili- 
con and the container is a quartz crucible, for 
example, the produced single crystal of silicon has a 
low oxygen concentration. 5 



Claims 

1. A magnetic field-applied method for pulling a to 
semiconductor crystal from the molten mass of a 
material for said semiconductor crystal kept in a 

container, which method is gharactorizscl by 

keeping the rotational speed of said container in 
the range of from 0.2 to 5 rpm and the intensity of is 
the magnetic field applied to said molten mass in 
the range of from 2,000 to 5,000 gausses. 
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